We present new SOFIA-FORCAST observations obtained in Feburary 2016 of the archetypal outbursting low mass young stellar object FU Orionis, and compare the continuum, solid state, and gas properties with mid-IR data obtained at the same wavelengths in 2004 with Spitzer-IRS. In this study, we conduct the first mid-IR spectroscopic comparison of an FUor over a long time period. Over a 12 year period, UBVR monitoring indicates that FU Orionis has continued its steady decrease in overall brightness by ∼ 14%. We find that this decrease in luminosity occurs only at wavelengths 20 µm. In particular, the continuum short ward of the silicate emission complex at 10 µm exhibits a ∼ 12% (∼ 3σ) drop in flux density, but no apparent change in slope; both the Spitzer and SOFIA spectra are consistent with a 7200 K blackbody. Additionally, the detection of water absorption is consistent with the Spitzer spectrum. The silicate emission feature at 10 µm continues to be consistent with unprocessed grains, unchanged over 12 years. We conclude that either the accretion rate in FU Orionis has decreased by ∼ 12-14% over this time baseline, or that the inner disk has cooled, but the accretion disk remains in a superheated state outside of the innermost region.
INTRODUCTION
The low mass pre-main sequence star FU Orionis (hereafter, FU Ori) brightened by ∆B = 6 mag in 1936 (Herbig 1977) , and subsequently has declined slowly (∼ 0.013 mag/yr; Kenyon et al. 2000) to the present day (further examined in this work). This burst in brightness established a class of variable star (FU Orionis objects, or "FUors"; Hartmann & Kenyon 1996; Hartmann 1998 ) that ∼10 other stars have since mimicked. Paczynski (1976) first proposed that FUors are the result of a sudden cataclysmic accretion of material from a reservoir that had built up in the circumstellar disk surrounding a young stellar object. In this model, the accretion rate rises from the typical rate for a T Tauri star (Ṁ 10 −7 M yr −1 ) up toṀ ∼ 10 −4 M yr −1 , and then decays over an e-fold time of ∼ 10-100 yr (Lin & Papaloizou 1985; Hartmann & Kenyon 1985; Bell & Lin 1994) . Over the entire outburst the star could accrete ∼ 0.01 M of material, roughly the entire mass of the Minimum Mass Solar Nebula or a typical T Tauri disk (Andrews & Williams 2005) . On average, FUor outbursts should occur (or recur) ∼ 5 times per star formed in the local region of the Milky Way (Hartmann & Kenyon 1996) ; there have been ∼ 10 FUors observed within a distance of 1.5 kpc in the last 80 yr, compared with the star formation rate in the same volume (∼ 3 per 50 yr). These bursts also modify the protoplanetary disk chemistry and require a very different model than simple magnetospheric accretion (e.g. Green et al. 2006; Quanz et al. 2007; Zhu et al. 2007; Romanova et al. 2009; Cieza et al. 2016) , usually invoked for accreting young stars. If FUors represent a short-duration stage that all young stars undergo, then understanding their properties is vital to models of planet formation and the evolution of protoplanetary gas-rich disks.
The luminosity outburst is due to a sudden increase in the rate at which material accretes from the disk onto the star. Models explain the rise in accretion rate with the development of instabilities in the disk, but they differ as to where the instabilities originate. "Inside-out" models are those in which the instability develops at several AU, where the lower temperatures, and therefore lower ionization fraction, render the magneto rotational instability (MRI) as an inefficient accretion mechanism (e.g. Zhu et al. 2009b; Martin et al. 2012 ). "Outside-in" models are those in which gravitationally bound fragments develop at large radii (tens of AU or more) due to infall from a protostellar envelope, then migrate inward through the disk, ultimately generating an outburst when they accrete onto the star (e.g. Vorobyov & Basu 2015) . A third option that has been posited is an external perturber -the interaction of the disk with an exterior massive object that alters the balance of accretion and triggers the cascading flow (Bonnell & Bastien 1992) , although recent studies suggest the refill rate is too slow to occur on few co-orbit timescales (Green et al. 2016) . The wavelength dependence of any postoutburst variability can distinguish among these classes of models.
Dust grain growth, processing, and sedimentation are tracked by mid-infrared (MIR) dust features. Processing and grain growth in the disk can begin as early as the protostellar stage, when the disk is heavily extinguished. Most silicate features around low mass young stars are consistent with both grain growth and high crystallinity fractions (e.g. Watson et al. 2009; Olofsson et al. 2009 ). Because grains from the ISM enter the disk as amorphous, high crystalline fractions in young stars indicate that dust processing occurs early on. EX Lup, the archetype of a smaller magnitude burst from a T Tauri disk, exhibited crystalline grain production during outburst (Ábrahám et al. 2009 ), due to enhanced heating. However, these crystalline grains disappeared during quiescence, likely due to X-ray amorphitization of the grains, or dust transport either radially or vertically. In contrast, FUors show no evidence for processed grains during outburst, only grain growth (Quanz et al. 2007) . No pre-outburst mid-IR spectra of FUors exist to constrain their historical grain properties, and it may be that the silicate grains are modified during the outburst. For protoplanetary disks, the 10 and 20 µm silicate features probe optically thin dust at specific temperatures on the disk surface; as the disk heats and then cools, the radii probed by these features changes accordingly, and may evolve during the burst (e.g. Hubbard & Ebel 2014) . As the disk cools, we might expect additional changes to occur, as grains are recirculated, modified, merged, or destroyed. During an FUor, the temperature at 1 AU may approach 1000 K or even higher; this becomes comparable to the temperature to form crystalline silicates or remove volatiles, which can affect habitable zone planet formation (Hubbard & Ebel 2014) . Further out in the envelope, episodic increases in temperature can cause irreversible chemical processes, such as the observed conversion of mixed CO-CO 2 ice into pure CO 2 (Kim et al. 2012; Poteet et al. 2013) .
Mid-IR spectroscopic variability has been only sparsely examined, although mid-IR evolution during bursts has been modeled (e.g. Bell & Lin 1994; Zhu et al. 2007; Johnstone et al. 2013 ). The biggest difference between the mid-IR SED of FU Ori and that of more typical young stellar objects is contribution of the superheated inner disk. The innermost regions of disk are expected to reach temperatures of 6000-8000 K, comparable to the stellar surface but over vastly greater emitting area (the inner radius of the disk; Hartmann & Kenyon 1996; Hartmann 1998) . Therefore the innermost disk radii are no longer coupled to any dust, which would be destroyed or ejected out to a significant fraction of an AU, and would not be an opacity source. Thus FU Ori's SED is dominated at all wavelengths by disk emission, even in the optical/near-IR, and changes at optical/near-IR wavelengths would reflect changes in the superheated disk rather than the central protostar.
FU Ori (D = 450-500 pc; Hartmann & Kenyon 1996 ) is a wide (0. 5) binary system consisting of a outbursting young stellar object modeled as a 0.3 M with a 0.04 M circumstellar disk (Zhu et al. 2007 ) at an A V of ∼ 1.8 (Zhu et al. 2010) , and a more massive young companion (M> 0.5 M ; Wang et al. 2004; Reipurth & Aspin 2004; Hales et al. 2015) . The companion (FU Ori S) is at 227 AU projected separation (Pueyo et al. 2012) , at an A V of 10 ± 2 (Pueyo et al. 2012) .
In this work, we present new mid-IR photometry and spectroscopy of FU Ori obtained with the Stratospheric Observatory for Infrared Astronomy (SOFIA) in 2016, and compare with previous observations with the Spitzer Space Telescope in 2004. We find that the continuum flux density in at wavelengths shorter than 8 µm (arising from the hot inner disk) has decreased by 12-14%, dominating the change in bolometric luminosity. The continuum at wavelengths greater than 10 µm has decreased only 7% within uncertainties. Additionally, we find that the H 2 O vapor absorption resulting from the superheated disk photosphere remains present. Finally, we note no significant changes in the 10 µm silicate emission feature, which shows no evidence of crystallinity. Taken together, these observations suggest that the decrease in viscous dissipation energy over this period has occurred predominantly in the innermost section of the disk, which is changing rapidly. Table 2 for the Observing Log. The observations were performed in "C2N" (2-position chop with nod) mode, using the 4. 7 slit, and the NMC (nod-match-chop) pattern in which the chops and nod are in the same direction and have the same amplitude. In each case, an off-source calibrator was selected from an ensemble of observations from Cycles 2-4, using the observation closest in zenith angle and altitude to the science target (A. Helton, priv. comm.). We did not use dithering. The FORCAST grism was used in three spectral bands G063 (∼ 5-8 µm) G111 (∼ 9-13 µm) and G227 (∼ 18-25 µm) from 5-25 µm to achieve a spectral resolving power R ∼ 200. The achieved signal-to-noise ratios for the individual grism segments were 30 (G063, measured from 5.7 to 6.3 µm), 46 (G111; measured from 11-12 µm), and 22 (G227, measured from 21-26 µm). The total observation time was 12904 seconds (3.58 hr), including imaging, which totaled approximately 0.33 hr (see below).
OBSERVATIONS
The extracted SOFIA-FORCAST spectra are the best calibrated version of the Level 3 pipeline products, as identified in the SOFIA Data Cycle System. The G227 observation appears in only one exposure/AOR, but the G063 was observed on two separate occasions (one on each of two flights), and G111 was observed in five separate exposures to obtain sufficient signal to noise ratio (three exposures on Flight 279 and two exposures on Flight 272). Notes on each individual grism observations follow.
G063. The Flight 279 G063 spectrum shows 50% higher noise than the Flight 272 spectrum, and we decided to exclude the low S/N data; this did not significantly affect the absolute flux density in the G063 band.
G111. However, the two Flight 272 G111 spectra are both 10% higher in flux density than the three Flight 279 spectra, and we excluded the higher flux density G111 spectra from the analysis. Additionally, the G111 spectrum includes several bands dominated by atmospheric ozone. Although the SOFIA pipeline attempts to correct for this using offpositions, the telluric correction cannot reliably remove the ozone feature because the ozone layer is inhomogeneous and the SOFIA beam tracks in and out of higher density regions on timescales shorter than the background removal process. Thus we masked this section of spectrum (∼ 9.3-10.05 µm) and did not consider it in this work.
G227. The G227 spectrum showed the highest overall uncertainty. The spectrum was re-reduced using a custom pipeline (W. Vacca, priv. comm.) . A preliminary version of a new asteroid response curve along with a different background region than that used for the original pipeline extraction was applied. The result shifted the G227 spectrum down ∼ 7% from the default, in between the three longest wavelength SOFIA photometric bands.
Spitzer-IRS Spectroscopy
FU Ori was observed by the InfraRed Spectrograph (Houck et al. 2004 ) onboard the Spitzer Space Telescope (Werner et al. 2004) as part of the IRS Disks guaranteed time observing program (Houck et al. 2004 ) on 4 Mar 2004 (Table 2). The observations (AORID 3569920) were performed in Staring Mode, with two nods spaced by one third of the slit width, and off-positions acquired only for the Short-Low (SL; 5.3-14 µm, R ∼ 60-120) modules. The Short-High (SH; 10-20 µm, R ∼ 600) and Long-High (LH; 20-38 µm; R ∼ 600) modules did not include off-positions, and were extracted as full aperture products (Green et al. 2006) . To confirm that the IRS spectral reduction was consistent with the most recent calibration, we retrieved the data from the Cornell Atlas of Spitzer IRS Sources (CASSIS LRv7 and HRv1; Lebouteiller et al. 2011 Lebouteiller et al. , 2015 . The spectrum was then scaled to SL, adjusting SH fluxes upward by 2% and LH fluxes downward by 3%. Details on the original data reduction are published in Green et al. (2006) using the SMART package (Higdon et al. 2004) .
The absolute calibration uncertainty of Spitzer-IRS is typically as large as 10%. However, the point-to-point (relative) uncertainty is ∼ 3%. After cross-calibrating SL with SH and LH as noted above, the absolute flux uncertainty is only the uncertainty in SL, which is 10%; however, the IRAC photometry, which covers the same bands, has an uncertainty floor of only 3% (Carey et al. 2012 ). Thus we take the final uncertainty in absolute flux calibration for Spitzer to be 3%.
Photometry
We acquired contemporaneous FORCAST imaging in F056/F253, F077/F315, and F111/F348 in order to calibrate the spectral flux densities, characterize extended emission, and provide 2016 continuum levels from 25-35 µm. All imaging observations were acquired during Flight 272. A signal-to-noise ratio of > 10 on-source was achieved in exposures of 60 seconds or less in all six bands on each source. The SOFIA-FORCAST photometry was obtained from the Level 3 pipeline data products. The measured image quality of the SOFIA imaging ranges between 2. 7 and 3 for F056, F077, and F111, and ranges between 3. 4 and 3. 6 for F253, F315, and F348; FORCAST only achieves the diffraction limit < 34 µm due to telescope jitter (SOFIA Observer's Handbook, Figure 7 -2). For consistency, the photometry were extracted uniformly using aperture photometry, in a 10 source annulus with a sky annulus 20-40 away from the source. The F111 photometry is a weighted average of seven observations (one longer exposure was 69s on-source, and the other six short exposures were 13s on-source). The average flux density of the six short exposures is within 1% of the flux density measured from the long exposure. Images for each band are shown in Figure 1 .
There also appears to be some structure in the background emission, making the extraction less certain. However, the source appears pointlike in all bands. The absolute flux uncertainty of the level 3 G063 and G227 grism products is 5%, and the G111 product is 10% (Herter et al. 2013 ). However, all of the photometric flux densities are within 3% of the level 3 spectroscopy. Thus we take the combined uncertainty of the absolute flux calibration between Spitzer and SOFIA (in quadrature) to be ∼ 4.2%. The background "structure" in some of the imaging appears significant at first glance; however, the WISE band 4 image (next section) shows no sign of structure. A more detailed extraction of F253 using a flatfield model (J. DeBuizer, priv. comm.) indicated that the background "structure" was due to flatfielding.
Photometry from Earlier Epochs
In Cutri & et al. 2013) ; and Spitzer-IRAC bands 2 and 3 (ca. 2006). The WISE W2 band appears anomalously high (perhaps due to uncertainties related to emission from H 2 S(9) at 4.6 µm). Due to these uncertainties, we find no convincing detection of background dust emission.
The Spitzer-IRAC photometry was observed but saturated beyond recovery in Band 1 and 4. Band 2 (4.5 µm) and 3 (5.8 µm) were extracted as Spitzer Enhanced Imaging Products (SEIP 1 ). We note that the FWHM is 1. 72 (4.5 µm) and 1. 88 (5.8 µm), as indicated by the IRAC Instrument Handbook (Table 2 .1). The SEIP provides two extracted aperture sizes, of diameters 3. 8 and 5. 8. The 5. 8 diameter extraction window is a much better match with the IRS data, although in contrast to the similar wavelength WISE Band 2, the IRAC Band 2 point is low by 20% compared to models (possibly due to partial saturation). We note that if this difference between IRAC (2006) and WISE (2010) were due to intrinsic luminosity changes in the FU Ori disk, we would expect the WISE band to be the lower of the two, but we find the reverse. For these reasons, we exclude both points from the analysis. First we consider changes in the continuum flux density. The (red) photometry presented in Figure 2 comes from various times between 1998 and 2010, but we used the AAVSO UBVR and decline rate in B and V (0.015 mag yr −1 ) measured for FU Ori in previous work (Kenyon et al. 2000; Green et al. 2006) to confirm that FU Ori has continued to decline in B and V-band. Specifically, we averaged the B and V magnitudes measured in 2016 from the AAVSO, 11.178 ± 0.078 and 9.844 ± 0.156, respectively. Photometry contemporaneous with the Spitzer spectroscopy (Green et al. 2006) , taken in Oct 2004, indicated B and V magnitudes of 11.01 ± 0.02 and 9.66 ± 0.02, respectively. This data is shown in Table  2 .4. Extrapolating from Oct 2004 to Mar 2016 indicates decline rates of ∼ 0.015 and 0.016 mag/yr, respectively. This translates to a decrease of 14-15% in the optical bands over the 12 years between the Spitzer and SOFIA observations.
Next we consider the mid-IR bands by comparing the common portions of the 5-28 µm data from Spitzer and SOFIA directly; the ratio is shown in Figure 3 . We observe a ∼ 12% decrease from 5-8µm, and a ∼ 7% decrease from 10-28 µm; these ratios are shown in Figure 3 .
Finally we consider the entire 0.1-100 µm spectrum. We began by fitting the Spitzer 5-8 µm continuum, along with the UBVRIJHK, and WISE W1 band similar to Green et al. (2006) , using the modified blackbody models from . We found that any of the 6590-7200 K models were equivalent fits to the observed 5-8 µm slope. There are larger differences between the models near 1 µm, but lacking ca. 2016 data in the near-IR, the uncertainties are too great to distinguish between them. For the purpose of this comparison, we adopt the 7200 K model as in Green et al. (2006) . We then fit the rebinned SOFIA continuum at the same anchor wavelengths and found that the same 7200 K model, but with 12% lower flux, matched the continuum to within uncertainties.
We found the slopes were not sufficiently distinguishable in either the optical/near-IR photometry or in the 5-8 µm spectroscopy. To get an idea of the uncertainties in the temperature, we used standard photometric colors from Table A.5 of . To illustrate this, Figure 4 shows three modified blackbody models reddened to an 1. 5.6, 7.7, 11.1, 25.3, 31 .5 and 34.8 µm broadband images of FU Ori from SOFIA-FORCAST, at arcmin scales to show the surrounding background, at the same absolute intensity scale. The apparent difference in centroid position is due to differences in the WCS pipeline processing.
A V of 1.8 (Mathis 1990 ), similar to FU Ori: 7200 K, 6890 K, and 7200 K but decreased by 12%; the difference between cooling from 7200 to 6890 K, rather than decreasing the accretion rate by 12%, is indistinguishable at wavelengths > 1 µm. Given that the UBVR photometry we include shows a decrease comparable to the IR, it is most plausible to explain the continuum flux change by depletion of the innermost region of the disk (or equivalently decreased accretion rate); however, the mid-IR flux decrease can be explained by cooling (a decrease in the inner disk temperature). The cooling time in centrally irradiated T Tauri disks is very short, either a few years down to a few days depending upon the disk geometry (D'Alessio et al. 1999) . Additionally, for typical FUor system parameters, Johnstone et al. (2013) found a cooling time in FUor disks on the order of a few weeks (albeit long compared with the dust-photon coupling timescale). Assuming the outer disk of FU Ori remains similar to a T Tauri disk, the cooling timescale is too rapid to explain the slow rate of (Kenyon et al. 1988; red dot-dash line) ; the model is scaled assuming a distance of 450 pc to FU Ori. The (2016) SOFIA-FORCAST spectroscopy (black line) and photometry (black circles), as well as 2016 BVR AAVSO photometry, are fit by the same 7200 K modified blackbody curve but reduced in intensity by 12% (black dashed line).
decay.
Typically the draining of the gas within a disk would be noted in a decrease of the flux of the corotating molecular gas, as was seen in the post-outburst emission lines of EX Lup (Banzatti et al. 2015) . Unlike T Tauri disks (Salyk et al. 2011) , the CO lines are seen in absorption in FUors, even at 4.6 µm (Smith et al. 2009 ); they attribute the absorption to a surrounding envelope of 0.1 M , which FU Ori does not possess (e.g. Green et al. 2013 ).
Dust features
The 10 µm silicate emission feature in the Spitzer-IRS spectrum showed no evidence of crystalline grains, but some evidence for grain growth during the disk lifetime (Quanz et al. 2007 ). In order to compare the SOFIA feature, we used a spline fit to anchor the spectrum at 8 µm, between the SiO and water vapor features, at 13 µm (the long wavelength edge of the G111 spectrum), and beyond 20 µm (centered within the G253 spectrum).
Two different spline fits to both the Spitzer and SOFIA spectra are shown in Figure 5 , and described below. We first tried independent spline fitting on each spectrum: 5. 6, 7.5, 13.6,14.9, 19.3, 21.3, and 24 .4 µm anchor points for the Spitzer data; 6. 1, 7.4, 13.5, 19.3, 21.3, and 24 .4 µm for the SOFIA data. We identified the anchor continuum points separately, and unlike the IRS spectrum, the FORCAST spectrum does not have continuous wavelength coverage from 5-38 µm, nor over the 9-13 µm complete silicate complex. Thus the fits are slightly different, and the residuals appear to have shifted ( Figure 5, top panel) . Specifically, the 10 µm silicate feature appears broader (to longer wavelengths) and taller. To check whether this difference was due to the differences in spline fitting between the two spectra, we performed a second spline fitting and subtraction using exactly the same anchor points for both the SOFIA-FORCAST and the Spitzer-IRS spectrum. Because we were limited to wavelength points common to both spectra, we used only six anchor points rather than the original seven in the IRS spec- . Three models using standard photometric colors of young stars (reddened to an A V of 1.8) from : 7200 K (black solid line); 6890 K (blue dot-dashed line); 7200 K decreased by 12% (0.12 mag) (red dashed line). The magnitude scale has an arbitrary offset. Cooling from 7200 K to 6890 K is virtually indistinguishable from a 12% decrease in flux at wavelengths > 1 µm, but cooling would not result in a significant decrease in UBVR flux density. Comparison of Spitzer-SL (red) and SOFIA G063 and G111 (black) spectra covering 5-14 µm, along with 7200 K modified blackbody models as in Figure 2 . The SOFIA spectrum has been smoothed to low resolution for easier comparison with the SL data. The water absorption features can be clearly seen in both spectra, marked by the blue shaded regions (González-Alfonso et al. 1998) . (González-Alfonso et al. 1998) . In this figure, the Spitzer spectrum has been offset -0.5 Jy to align with the SOFIA data. The P-branch water absorption complex can be clearly seen in both spectra, but the R-branch lines appear weak in the SOFIA spectrum.
trum. The results are shown in the bottom of Figure 5 . The features are virtually unchanged given the S/N of the SOFIA spectrum; we see no evidence of further dust processing or grain growth in the last 12 years, and attribute any apparent differences in the feature to incomplete spectral coverage in the FORCAST bands.
Unfortunately, we lack sufficient spectral coverage to compare the 20 µm silicate features, but we find them consistent at wavelengths greater than 20 µm, and attribute any differences at shorter wavelengths to edge effects in the G253 spectrum.
Gaseous absorption features: H 2 O
The blended rovibrational absorption lines of H 2 O, originally noted in Green et al. (2006) , are still present in the SOFIA-FORCAST spectrum (Figure 6 ). The short wavelength shoulder marks the boundary between the blended Rbranch lines (λ < 6.3 µm) and the blended P-branch lines (λ > 6.3 µm). The blended P-branch absorption lines appear unchanged over the last 12 years. However, the relatively shallower blended R-branch absorption detected in the Spitzer-IRS spectrum is not clearly detected. In order to compare the features directly, we apply a -0.5 Jy offset to the IRS spectrum, shown in Figure 7 . Differences between the R-and P-branch lines were noted, for example, in Orion-BN/KL (González-Alfonso et al. 1998), who found the Rbranch in absorption and P-branch in emission. However, further observations with higher S/N are needed to confirm any changes.
Additional absorption attributed to SiO (8 µm) by Green et al. (2006) may be present in the FORCAST spectrum, but without full spectral coverage, or improved sensitivity, we cannot determine whether this feature has changed in detail.
DISCUSSION
FUors are generally understood as large accretion bursts, although models differ on where the infalling material begins its descent. Binarity and outburst behavior has been examined in several studies (e.g. Bonnell & Bastien 1992; Reipurth et al. 2002; Millan-Gabet et al. 2006; Green et al. 2016) . As noted earlier, FU Ori is itself a 0. 5 binary, and disk-binary interactions could promote an episodic or burst mode of accretion (Reipurth & Aspin 2004) . Assuming the central star mass of FU Ori is M ∼ 0.3M (Zhu et al. 2009a) , the integrated accretion luminosity (using model parameters from Green et al. 2006) corresponds to a total accreted mass of M ∼ 0.018M . Furthermore, FU Ori was the target of a recent ALMA study that separated the two components (Hales et al. 2015) and demonstrated that the remnant envelope is tenuous at best, indicating that there is no external reservoir for resupplying the disk material in repeated bursts. They hypothesized that the more extinguished southern com-ponent could act as the mass reservoir for resupply. Flattened envelope models can explain the long wavelength SED and provide long-term resupply potential, although whether sufficient mass exists for resupply is unclear, judging by the far-IR excess reported by Green et al. (2013) , who estimated a dust mass of 0.05 M from the Herschel-SPIRE > 350 µm excess. Higher resolution observations from the Submillimeter Array further contained the size and mass of such an envelope plus disk observations to 0.05 M within 450 AU or less (M. Dunham, 2016 , priv. comm., Green et al. 2016 .
Regardless of the origin of the infalling material, our study suggests that at the mature stages of outburst, the infalling material accretes from the inside-out. The decrease in only the short wavelength continuum, without change to spectral shape, indicates a decrease in density of the hot material, rather than a decrease in temperature. Combined with the lack of change in the silicate dust features after removing continuum effects, we suggest that the luminosity decrease in FU Ori is due primarily to this draining effect, leading to a decrease in the accretion rate. Because the peak temperature in the disk still appears to be about 7200 K, the infall radius (centrifugal radius) is quite close to the central star. Zhu et al. (2007) modeled FU Ori as a superheated disk with a maximum effective temperature of 6420 K at r in = 5 R , decreasing to 4660 K at 3 r in , eventually to 977 K at 30 r in (0.7 AU). They added a second component from a more typical accretion disk > 1 AU.
Supposing over the past 12 years FU Ori accreted only material at a temperature > 977 K, the accreted material would all be within ∼ 0.7 AU, where the free fall time is much shorter than 12 years. It may be refilled from surrounding regions but the maximum refill rate is capped by the upper limit to the change in IR excess beyond 20 µm, which arises from annuli beyond the boundaries of the superheated disk at ∼ 1 AU (Zhu et al. 2009a ). It appears that the outer disk does not react as quickly to this decreased luminosity on a 12 year timescale; within the uncertainties in scatter, the continuum level < 20 µm has changed by ∼ 7%.
However, we note that we cannot rule out cooling in the inner disk from this change in the SED. If this is due to cooling of the inner disk rather than a decrease in the accretion rate, and the 5-8 µm is dominated by the hot disk as models suggest, then the temperature decrease from a 12% decrease in luminosity would be only 4% (ie. from 7200 K to 6900 K). This is a small effect on the slope and is consistent with our data in the mid-IR (Figure 4) . Potentially, a cooling pattern and decreased central accretion could be distinguished with high fidelity IR continuum measurements, increased coverage in the optical-near IR bands, or by changes in the width or shape of CO lines from differing disk annuli. Bell et al. (1995) noted that the decrease in the SED of FUor V1057 Cyg was least significant between 1 and 10 µm; between 2004 and 2016, at least, FU Ori does not seem to follow this pattern, maintaining a decay rate similar to the optical bands out to at least 8 µm. This difference may reflect the relatively small amount of material surrounding FU Ori, or the overall slower decay rate compared with that of V1057 Cyg. An alternate explanation is that the FU Ori disk is geometrically thicker due to the extreme nature and duration of the accretion event (e.g., Hartmann et al. 2011 and references therein) , and is beginning to settle as the midplane begins to cool.
CONCLUSIONS
We have performed the first comparison of multi-epoch mid-IR spectra of an FUor, to examine the changes occurring in the system during outburst. We compared the ca. 2004 SED and IR spectrum of FU Orionis with newly acquired (2016) SOFIA-FORCAST spectrum and photometry to identify changes over the intervening 12 year period. After establishing cross-calibration between the various measurements, we find a 12% (∼ 3σ) decrease in the 5-14 µm continuum without significant change in shape. We find lesser changes ( 7%) to the SED beyond 10 µm, and no significant change to the silicate dust or the rovibrational water absorption from the disk photosphere. From this, we posit a decrease in gas at the highest temperatures, and therefore the innermost regions of the disk, either due to cooling or depletion via accretion processes.
